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This sccord Iaycr komes [hc supporl s(ruclurc aflcr an ullraviolcl Ii(hography id gold dcctroplaling
skp. Tlw grating substraw is lhcn c[thcd off, Itiivirlg ii I’rcc s[anding gold grating w’d SUpporl slrucmrc.

Tht suppm stnuxurc Iypictilly hw :1lransparcnq’ IWwccn ~irty and forty pcrccm. Our pwlkwla.r grating
structure has u 2200 ~ period Iransmissi(m graling, umsisling 01 1S00 ~ wide bars id ‘7(W~ wide spaces,

;md a sup~wl srruc[ure I.ransparcncv 0( .34%. The mrnsmission grating bars MC 5110 ~ deep. “rhcsc
characteristics were rJcuxmincd wilh i~scanning c]cd.rrm microscope (SEM). Bu.scd on [hcsc gra[ing
dnradcrklics. wc cxpcctcd on uremic transmission 01 I 1.3%.
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Figure 1 shows lhc eqwted rwulral flux (cm2 w s CV)- 1 vcrv.us energy from a plwma wilh a Maxwclliarr
ion disuihution wr-rcspomling 10 ;I lcmpcriilurc 0( 3 ticV, conditions similur m lho.scoh.scrve(.lin LheEarth”s
plasma shccl. The.sc sulmmntial ICW 100’s t~l CV hyclrngcn LENA Iluxcs cimnol hc ohscrvcd by LENA
imagers Ihut rcly on coliisiomrl proccsscs to sqxmIIc [hc nculrals from [hc am bicn[ U V.

100”

1 [)-2

1()-4

1() -6

lo-~

1o-1o”

1(,-12

102 IOJ 104 105

I{ncrgy (cV)

I:i}:llrc 1. N(.ll[rill IIlix II(MN m ofrlhlly ihin. ‘1’ -: ~LcV pl:ISIIM M J Iuncti(m (JI IWUIMl
cnrr!!y, mwmdiml II) thtt 1 li(’V IIL’IIII;II III IX.

?\ (’(MIIIII(”I(” !11;11111)’ I 1)11’ .I’. T’T(1 I ;1 \lll)lhlll ‘.1111( Illlt. ;111(1 1111. m [11,11ll;lllillll~illul }!1:111111!(I:i}: !).
111(’Ilmlll’,llll’l\ lllll yl;lllll}: I\ 11)1111(”(1 111’d ll\llly .I lhdII}I,I:IldilI” lIlhIIKIm)lIV l(”(hlli(llw (hwl(qk.(1 I(u 111(-

Ill,llllllw 1111(’ !11 )’,l; 11111}’.\ i, III(’ AI II; II I(IX1 .1 IiIY A\ll~ll}tlv\i{s l:mIIIIV ( /\.KAII) WIII’1111(’ 111 Alt ImI 111(-

)Tl:llllly, l’. 1!)111):”11011 ,1 Wlllll Illvdl; ll(’ , ,111 ,1(!,1111011;11 pllllhllr’.l\l l;l Yrl l’. 111( ’11y)llll l)\l’1 11’. IIlqlt’1 ‘!1111;1,’(”.



Alier the atomic uansmiwion image was obtained. UK! gmring was examined unr.kr a high ~wer

microscope. A thin, shiny film W:IS visihk on the grating surtmx and dlcr the. UV lrimsmission
mcilsurcmenLs, wc re(umcd [hc gr~ling h) the MawachusclU lns(ilu[~ of Technology Suhmicron Slructurcs
Laboratory where it wirs mmul”:uturcd. Sutwcqucnt SEM cxuminuticn mrllnrrcd the prcwmcc d an
wtknown Iirycr of contaminaii(m (m lhc grn[ing !+urfticc.11 Wc arc currently in the process of obtaining a

uniformly Irimsmkivc grilti~g to c(mtinuc [hcsc IINXWCMCI’ILS.

Ttlc onc dimcnsionid tin!gular rrs(dution (It the grilling wus dctemllncd hy roloting the grdting in

lhc bun and tigreml with the C:IICUIUIU.!}iilu~ ()[ W timed (m the depth-to-wkhh SEM measurement of Ihe
slits
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Dcuterium lamp

Figure 5. Schcmtitic of tic UV lmnsmission apparatus.
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slot has a one riimerr!;ional angular resolution of 8’. The intrinsic azimuthal and polar resolution of the

instrument is governed by the 8(’ x 8“ resolution of each open region of the tmnsrnission grating pair. The

collirnamr can serve ‘he d(rid purpose ot’ rcjcctir?g charged partlclcs. by the application of voltages acre. s

each collimator plate:;, and incrcming the w.imuthal resolution. *6 Because this type of LENA imager has

no energy re$olutiorr and incorporates thousand:, of individual pixels (the open areas remaining when the

gratings itre oricrrtcd perpendicularly ((~each other), [he geometric factor (G), [crn2 sr eV/eV], calculation

requires u slight mod ficdion:

nurrdwr qt”pixvls =
/
A

P2 ‘

where it IS the area of cti(:h pixel. M IS {he s(~lId angle ticceptcd by each pixel, A is (he totiil area ()! grating,

P is the period of [hc two i<fenf/tu/ (riinsmissi(m gratings, and E is (he transmission d’ the support mesh.

‘TIc [(JIUI COUIIL$, C, recorded by the dclccmr itr~ given by:

(; JA.virf(tY” )(
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.

pmdrclimr due 10 ~ photons will be insignificant, 5 For LENAs with energies above 5 keV the ioss of

angular resolution resulting irom scattering in the foil will be negligible, hut for LFNAs below 1 keV the

loss of angular resolution wil$ be substanli~.16
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Figure 7. Grating based
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(h prelimintiy measurements indicalc that a graling-based LENA imager utilizing current

[echno!ogy is feasible. Because of its simple and compact design, a grating-based LENA hnager has
significant advantages over other proposed LENA imagers. The addition of a thin foil for energy

information can also provide coincidcrwc measurements. This additional information will be especial.ly

useful for eliminating the UV photons events resulting from the usc of a grating pair with UV attenuation
Icss than 101O. We intend to continue our atomic and UV transmission W.lies of these gratings and assisl

the M.1.T. Submicron Structures Laboratory in the prcxluction of uniformly transmissive gralings. We are
also assembling the necess~ equipment for polarization and transmission wudies using monochromatic
UV mdiation.

We would like [o thank Erik Amlcrson of Lawrerwc 13crkclcy Laboratory for his generous

donation of the comp!ete vector code used for the grating simulations and Mak Schiittenburg of M.I.T. for
his efforts m provide us wilh uniformly transmissivc gratings. We also lhank Bob Baldonwlo and Danny
Everett for their lechnical support. This work was perfmmcd under the auspices of the United States

Depmcnt d’ Energy and with [hc support of the Dcpan.ment of Energy’s Distinguished Pos[-Doctoral
Research Program as adminis[crcd by WCOak Ridge lnst.htc for Scicnw and Eduation
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